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1 Introduction
One of the greenhouse effect gases, hydro fluorocarbons (HFCs) and per fluorocarbons (PFCs)
have been used widely in the plasma processing such as etching and cleaning of semiconductor wa-
fer. Japan are requested for the 6% reduction of the quantified emission limitation of the greenhouse
gases such as CO2, CH4, NO, SF6, HFCs, PFCs according to the guideline of Kyoto Protocol to the
United Nations Framework Convention on Climate Change (COP3, 1997)１）. The coefficient of the
greenhouse effect of fluorocarbons are significantly higher (several thousand times) than that of CO2,
CH4, NO. Therefore, it is very important to treat fluorocarbons.
The gas used for plasma processing have been exhausted to the atmosphere after treatment by
several methods, i.e., chemical filtering, catalytic reactions and baking method. However, the cost of
these treatments is relatively high. Therefore, the cost reduction of the waste gas treatment and en-
hancement of the treatment efficiency are requested by the industry world. Recently, treatment of
fluorocarbons by a low pressure plasma was put to practical use.
In this report, the new method of fluorocarbon decomposition using non-thermal plasma pro-
duced by atmospheric streamer corona discharge was studied. Distinctive features of this method are
(a) compact size of apparatus and (b) large amount treatment of gas. The streamer corona discharge
and the arc discharge were utilized for decomposition of CF4 as PFC changing the discharge pa-
rameters. Decomposition rates of 92% and 82% were achieved using the streamer corona discharge
when 100 ppm CF4 gas diluted by argon and 100% CF4 gas were used, respectively.
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Abstract: The non-thermal plasma produced by the streamer corona discharge at atmospheric pressure was
used for the vanishing of fluorocarbon. The effective treatment of fluorocarbon is attempted controlling dis-
charge parameters of the plasma. The decomposition rate of fluorocarbon is investigated changing (a) dis-
charge modes, (b) dilution gases and (c) discharge characteristics i.e. applied voltage VA-K of a main dis-
charge gap and its steepness dVA-K/dt.
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2 Experimental procedure
Figure 1 shows a schematic diagram of the experimental apparatus. The chamber was made of
acryl with dimensions of 100 mm length by 100 mm width and 30 mm height. A five-wires-to-
double-plates electrode was set at center of the chamber. The tungsten wires with a diameter of 0.23
mm were set between two plate electrodes. The distance between the wire and plate electrode was
10 mm, and the wire to wire spacing was 30 mm. The series gap switch was used to stabilize the
discharge and obtained a large pulse rise time of the applied voltage of discharge electrodes. The se-
ries gap switch consisted of a stainless steel sphere of φ 10 mm and a plate electrode were con-
nected to the main electrode directly. The series gap length was varied from 0 mm (without the gap
switch) to 2.8 mm in order to change the rise time of the applied voltage pulse dVA-K/dt. The mixture
gases of CF4 (100 ppm) diluted by (i) argon-air mixed gas and (ii) oxygen gas were used. The gas
inlet was set at a sidewall of the reactor and an outlet was set at an opposite side, and the gas flow
direction was perpendicular to the wires. The total gas flow rate was kept at 1.5 l /min unless stated,
and the gas pressure in the reactor was kept at an atmospheric. When a positive high voltage was ap-
plied to the tungsten wires, the pulsive plasma, which was called the positive streamer corona, was
produced. The repetition frequency was determined spontaneously by the operation of series gap.
The instantaneous waveforms of the applied voltage between the electrodes and the discharge
current were measured using a high-voltage probe (Tektronix, P6015A) and Rogowski coil (Pearson
Electronics, Model-110), respectively. The waveforms were recorded using an oscilloscope (Tek-
tronix, TDS-520C). The decomposition rate of the CF4 gas which indicates the quantity of reduction
Fig.1. Schematic diagram of experimental setup and measurement system.
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was estimated from the infrared absorption value using FTIR spectroscopy (JASCO, FT/IR-430).
Fluorocarbon has broad absorption bands with several peaks in the FTIR spectra. In this experiment,
the relative amount of fluorocarbon was evaluated based on the absorbance peak of 1280 cm－1. The
byproduct species were identified using the FTIR absorption spectra and analysis software (BIO-
RAD, IR search master4). The species of byproducts such as CF3, CO2 generated by CF4 decomposi-
tion were specified by the FTIR absorption spectra and analyzing software (BIO-RAD, IR search
master4).
3 Results and discussion
A Decomposition of fluorocarbon using various discharge modes
The fluorocarbon, CF4, was decomposed using two types of atmospheric discharge modes, i.e.,
the streamer corona discharge and the arc discharge. The discharge modes are controlled by the ap-
plied voltage between discharge electrodes. The streamer corona discharge is obtained when the ap-
plied voltage is lower (VA-K=11 kV at 0.70 mm of the gap length of the gap switch), and the dis-
charge current is several hundreds mA. The produced plasma looks spatially uniform between dis-
charge electrodes. The arc discharge occurs at higher applied voltage of 13 kV, and the discharge
current is several ten A. The plasma is produced along the discharge path and the spatial uniformity
is significantly low.
Figure 2 indicates the typical FTIR spectra of low concentration CF4 gas (100 ppm) diluted by
Ar-air mixed gas for different discharge modes. In this figure, the peak of CF4 (～1280 cm－1) and
that of CO2 (～2350 cm－1) are confirmed. As shown in Fig.3, peaks of CF4 in the FTIR spectra of
different discharge modes indicates that the streamer corona discharges is suitable for the CF4 treat-
ment. The maximum decomposition rates using the streamer corona discharge is 92%, while that of
Fig.2. Overview of FTIR spectra of before and after different types of discharge. CF4 diluted by Ar+air (1.5 l /min).
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arc discharge is 68%. This result arises from the difference of the discharge characteristics. The arc
discharge has a lined discharge path and large electron energy, while the streamer corona discharge
has relatively small electron energy and the large discharge volume. Therefore, the result suggests
that the large discharge volume and uniformity of the plasma are essential for the efficient treatment
of CF4. Also, the lower electron energy of the streamer corona discharge than that of arc discharge is
sufficient for the decomposition of fluorocarbon.
In the case of the streamer corona discharge, CF３ is found to be generated as the byproduct, as
shown in Fig.3. While CF３ is not produced by the arc discharge, although the decomposition rate is
lower. This finding suggests that the high energy electrons are necessary for decomposition of
byproducts generated by discharges.
Figure 4 illustrates the peaks of CO2 for different discharge modes. The negative peaking at
Fig.3. CF4 peak height of before and after different types of discharge. CF4 diluted by Ar+air (1.5 l /min).
Fig.4. CO2 peak height of before and after different types of discharge. CF4 diluted by Ar+air (1.5 l /min).
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2350 cm－1 indicates the reduction of CO2 by discharges. This result indicates that CO2 which is a
byproduct of CF4 treatment is also destructed by the discharge. The streamer corona discharge also
has the advantage for CO2 decomposition. However, the quantity of generated CO2 can not be esti-
mated from this measurement.
B Variation of dilution gases
The decomposition of CF4 was performed changing dilution gases of argon and oxygen under
the constant input power. Oxygen was expected to combine with the carbon atom dissociated from
CF4 molecule and to avoid recombination of carbon and fluorine atom. Figure 5 shows peaks of the
residual CF4 for various dilution gases. The FTIR spectra indicate that the decomposition rate of CF4
obtained using Ar-air mixed gas is about 12 point higher than that using oxygen, unexpectedly.
Therefore, amount of oxygen required for CF4 treatment is almost same quantity of CF4. The reason
for lower decomposition rate of the oxygen dilution would be the reduction of the discharge inten-
sity due to the electron attachment to oxygen molecules.
We also attempted to treat the CF4 gas with the concentration of 100% using the streamer co-
rona discharge with the gap length of 1.05 mm of the gap switch. The flow rate of CF4 and time-
averaged input power are 1.0 l /min and 40 W, respectively. The obtained decomposition rate is 82%.
This result suggests that the apparatus used in this experiment has the large capacity of fluorocarbon
treatment.
C Variation of discharge characteristics
The discharge characteristics of the streamer corona depend on the rise time of the voltage
pulse dVA-K/dt applied between discharge electrodes. The pulse rise time dVA-K/dt is considered to re-
late with the electron energy, that is, the electron velocity in a plasma. The dVA-K/dt was controlled
by changing the length of the series gap connected with the reactor directly at downstream side２）
Fig.5. CF4 peak height of FTIR spectra for different dilution gases. CF4 diluted by Ar+air and O2 (1.5 l /min).
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Fig.6 (a). Typical waveforms of applied voltage of main electrodes for various gap length of the series gap switch.
Fig.6 (b). Dependency of applied voltage rise time on gap length of the series gap switch.
Fig.7. CF4 peak height of FTIR spectra varying the gap length of the series gap switch.
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citeHayaVOC. Figure 6 (a) illustrates the typical waveforms of the discharge voltage for various se-
ries gap lengths. The shape of the applied voltage pulse changes significantly with the gap length.
As shown in Fig.6 (b), the dVA-K/dt was varied from 0.04 kV/ns to 0.68 kV/ns keeping the streamer
corona discharge, where the gap length of series gap was changed from 0.175 mm to 1.75 mm, re-
spectively.
Figure 7 shows the FTIR absorption spectra including peaks of CF4 for different gap length of
the series gap switch. The rise time of the applied voltage dVA-K/dt ranged from 0 (d=0) to 0.68 kV/
ns (d=1.75 mm). The concentration of CF4 is found to reduce with increase of the series gap length.
In the case of middle gap length, byproduct, CF3 is found to be generated. Figure 8 (a) summarizes
the relationship of the decomposition rate of CF4 with the pulse rise time dVA-K/dt. The decomposi-
tion rate was enhanced from 68% to 84% with dVA-K/dt. This result implies the higher energy elec-
tron is required for effective treatment of fluorocarbon, and the discharge parameter dVA-K/dt is the
key parameter for the treatment of fluorocarbons. Figure 8 (b) shows the specific energy density of
CF4 decomposition with varying dVA-K/dt. The obtained specific energy density takes an almost con-
Fig.8. (a) Dependency of decomposition rate of CF4 on the rise time of applied voltage.
Fig.8. (b) Dependency of decomposition rate of CF4 on the instantaneous power.
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stant value for different dVA-K/dt. Therefore, the discharge with larger dVA-K/dt is preferable for CF4
treatment.
4 Conclusions
The achieved decomposition rate of CF4 was more than 90% using corona and streamer corona
discharges. The dependency of dilution gases (Ar+air and O2) on the decomposition rate was not
significant in this experiment. The effective decomposition of CF4 requires the large dVA-K/dt, that is,
large electron energy.
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